Experimental data on particle motion near the separatrix of the one dimensional (I-D) fourth-integer islands are analyzed. When the beam bunch is initially kicked to the separatrix orbit, we observed a strong decoherence in the coherent betatron motion. We find that, through intensive particle tracking simulation analysis, the decoherence has resulted from the beam being split into beamlets in the hetatron phase space. However, we also observe an unexpected recoherence of coherence signal, which may result form a modulated closed orbit or the homoclinic structure near the separatrix.
INTRODUCTION
Particle motion along the separatrix is important in the stochastic slow beam extraction. Since the stochasticity layer at the separatrix orbit is further enhanced by the time dependent dipole and quadrupole modulations [ 1, 21, the study of particle motion near separatrix can provide needed information on the dynamical aperture and lifetime of stored beam particles. Thus it is important to study the dynamics of particle motion near the separatrix.
In our previous studies [3,4], we studied particle motion at the fourth order resonance, and examined the effects of tune modulation on particle motion inside the island. We mapped out a boundary of stability by analyzing our experimental data on the tune modulation to the particle trapped at the center of the resonance islands. This paper studies the dynamics of particle motion near separatrix.
Although the particle motion near the separatrix is complicated by rapid decoherence and inherent finite beam size in our experiments, we can re-analyze our data to explore the effects of inherent noise for particle motion near separatrix because we have made many progresses in understanding the dynamics of particle motion near the separatrix.
[2] The paper is organized as follows. Section 2 outlines our experimental setup and gives a brief review of the nonlinear Hamiltonian model. Section 3 discusses the data analysis.
The conclusion is given in Sec 4. 
where the overdot corresponds the derivative with respect to the time coordinate 0.
Experimental setup at the IUCF Cooler Ring
The procedure of our experiments is as follows. 
Multiparticle Simulation Model
Our experiments were intended to explore the single particle motion near a betatron resonance. However, the beam hunch in accelerators is composed of many particles. Because of the electron cooling, and the random noises inherent in all accelerators, the beam hunch reaches an equilib-
where C is the normalization constant, H is the Hamiltonian, "kT" is the effective thermal energy, x and p , are the normalized conjugate phase space coordinates, and
with an rms emittance Here, we have assumed a linear Hamiltonian at the center of the phase space.
The phase space evolution of Eq. (2) can be attained by the symplectic map:
which preserves the phase space area. For particle motion near the separatrix, two hundreds steps is used for each orbital revolution. Typically, 4000 test particles with a Gaussian distribution, distributed in 3 U region of the phase space are used in our numerical simulations.
DATA ANALYSIS
First, we analyze Poincar6 maps that are outside the resonance region and obtain a consistent set of betatron amplitude functions, and the phase difference between two BPMs. This procedure establishes the method of transforming our digitized data to the normalized phase space coordinates. Our results are shown in Fig. 1 . Since the Hamiltonian of Eq. (I) is a quadratic equation, the separatrix is given by two intersecting ellipses.
The decoherent of betatron motion a beam with finite emittance can be used to determine the nonlinear detuning parameter a. Similarly, the FFT spectra and the size of the resonance islands can he used to determine the resonance proximity parameter, and the resonance strength g. These analysis provide us a self consistent set of data for the effective nonlinear Hamiltonian.
Motion Near the Separutrix
Figure2 shows the centroid of beam motions a 300 revolutions when the beam is kicked onto the separatrix, where solid points correspond to the first 50 revolutions. To understand the rapid decoherence, we carry out multiparticle simulations. Figure 3 shows the beam distribution after 500 revolutions for a beam with an initial emittance of 0.3 a-mm-mad. The decoherence arises from the fact that the beam bunch splits into beamlets under the action of the separatrix. Particles inside the separatrix move in one direction, while the particles inside the resonance island are trapped. Such a rapid decoherent is very sensitive to the emittance of the beam. Our multiparticle simulations show that the beam emittance of 0 . 3~ mm-mrad describes very well the strong decoherence. It is worth noting that our long-term experimental data shows significant recoherence of the coherent betatron motion shown in Fig. 4 . Our model can not explain such a rapid recoherence, instead, it predicts a very strong recoherence at 1600 revolutions. The sizable early recoherence may arise from either closed orbit modulation of the order of 0.2 mm or the sensitivity of particle motion (homoclinic structure) near the Urn.
CONCLUSIONS
In conclusion, we have analyzed the data for the beam motion near the separatrix, and find that the decoherence of the beam signal arises from the beam being split at the Urn. We observe a significant recoherence in our data, that can not be explained by our model. The rapid decoherence of coherent betatron motion in Fig. 2 is displayed in the betatron phase (top) and hetatron action (bottom). Complete decoherence is observed to occurs at 240 revolutions. We note, however, that there is a significant recoherence in the coherence betatron motion at 520 and lo00 revolutions. The recoherence is associated with a phase where particles recongregate into the unstable fixed points. Numerical simulation has not been able to reproduce the recoherence of the experimental data.
In general, there are many time-dependent terms in the actual nonlinear Hamiltonian. Our model of the Hamiltonian (1) should include these terms in the simulations. The stochasticity near the separatrix orhit arises from these time dependent terms in the Hamiltonian. A more realistic numerical simulation is need for modelling the beam motion. The experimental data offer a unique challenge for the understanding of particle diffusion process in accelerators.
